catalysts form hydroperoxy species from H 2 O-O 2 mixtures at near-ambient temperatures; these species can be used in the selective epoxidation of propene to propylene oxide.
Small Au clusters (o5 nm) dispersed on Ti-containing oxides, such as TiO 2 and TS-1, catalyze propene epoxidation via the in situ formation of hydroperoxy species (*OOH) from H 2 -O 2 mixtures. [4] [5] [6] [7] Mechanistic studies have suggested that hydroperoxy species form on Au clusters via H 2 reactions with O 2 ; these species then react with propene on Ti centers located within molecular distances to form PO with high selectivity. 8, 9 This process uses H 2 as a sacrificial reductant, which predominantly converts, however, to H 2 O via unproductive side reactions, and leads to low H 2 utilization efficiencies (30-40%, defined as PO formed per H 2 consumed) and unfavorable economics. 2 Reactant and product concentrations were measured by gas chromatography (Agilent 6890GC) using a Porapak Q packed-column (80-100 mesh, 1.82 m Â 3.18 mm) and a HP-1 capillary column (50 m Â 0.32 mm; 1.05 mm film) with thermal conductivity and flame ionization detection, respectively. . Strongly-adsorbed PO-derived species have been claimed to cause this deactivation. 13 PO selectivities remained nearly unchanged as deactivation occurred and conversion decreased (Fig. 2) . These data, taken together with the intermediate selectivites observed as data are extrapolated to zero conversion, indicate that both PO and acetone form as primary products and that deactivation occurs by blocking of sites without concomitant changes in the relative rates of PO and acetone synthesis. Fig. 1 and 2 provide evidence for the previously unrecognized ability of Au/TiO 2 to catalyze propene epoxidation with O 2 and H 2 O (instead of H 2 ) as co-reactant. We have carried out experiments for extended periods of time (ESIw), during which we carry out more than 10 epoxidation turnovers, calculated on the basis of surface Au atoms (from TEM cluster diameters). These turnover numbers represent a lower bound, because they assume that all exposed Au atoms act as active sites, irrespective of their location with respect to Ti centers. These data confirm that the propene epoxidation rates reported here with H 2 O-O 2 co-reactants are catalytic on Au/TiO 2 .
The synthesis of PO during water electrolysis, probably via in situ generation of H 2 O 2 or OOH species, has been reported. 14 15, 16 These steps can occur, in spite of their unfavorable thermodynamics, because of their kinetic coupling with propene epoxidation steps that scavenge HOO* intermediates to form PO. OH* groups formed in these steps must recombine to form H 2 O* and O*, since H 2 O is not consumed during reaction. O* is not predominantly removed via unselective scavenging with PO to form other products (e.g., acetone, propanal, acrolein), because measured PO selectivities are 450% (Fig. 2) ), consistent with an inadequate supply of H 2 O 2 (g) as the reactive species and with PO synthesis via propene reactions with hydroperoxy surface species instead of H 2 O 2 . The involvement of bound hydroperoxy species requires, in turn, atomic proximity between the sites that form *OOH (Au) and those that consume it via reactions with propene (Ti), possibly at Au-TiO 2 interfaces, as proposed earlier 4 and consistent with the absence of epoxidation turnovers on physical mixtures of Au/Al 2 O 3 and TiO 2 .
Density functional theory (DFT) 22 The data in Fig. 1 The presence of small Au clusters (o5 nm) is a key parameter for their catalytic reactivity in many reactions.
1 Recent studies have shown, however, that large Au clusters (B16 nm) are also active in alkene epoxidation with NO 2 as the oxidant. 23 In summary, we provide evidence here for the unprecedented ability of Au/TiO 2 catalysts to form hydroperoxy surface species from O 2 /H 2 O mixtures and for their involvement in oxidation reactions, such as selective conversion of propene to PO at near-ambient temperatures (350 K). These pathways provide an attractive strategy to replace H 2 by H 2 O in propene epoxidation reactions. We expect that these hydroperoxy intermediates will prove useful for other epoxidation reactions upon more rigorous evaluation and optimization.
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